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(57) ABSTRACT 
Disclosed is low power type Rambus DRAM including 
top/bottom memory bank units respectively comprising a 
plurality of banks for Storing data, top and bottom Serial/ 
parallel shifter units, an interface logic circuit unit, a delay 
lock loop (DLL) unit and an input/output block unit. The top 
Serial/parallel shifter unit is connected between the top 
memory bank unit and the input/output block unit and the 
bottom serial/parallel shifter unit is connected between the 
bottom memory bank unit and the input/output block unit. 
The interface logic circuit unit generates a signal for Select 
ing the top or the bottom memory bank unit according to 
read or write command received from the external. The DLL 
unit generates a clock signal according to the Signal output 
ted from the interface logic circuit unit. The input/output 
block unit generates a signal for Selectively controlling the 
operation of top and bottom Serial/parallel shifter units by 
buffering the clock signal generated from the DLL unit. 

TOP SER ALIPARALLEL 
SHIFTER 

: /O R top 

W3 bot 
BOTTOY SERIALPARALLEL 

SHIFTER 

  

    

  

  

  

  

  

  



Patent Application Publication Jan. 30, 2003 Sheet 1 of 15 US 2003/0021175 A1 
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FIG.2 
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FIG.4E 
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FIG.4F 
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LOW POWERTYPE RAMBUSDRAM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to Rambus DRAM, 
and more particularly, to Rambus DRAM capable of reduc 
ing power consumption by controlling top and bottom 
Serial/parallel shifter blocks to independently operate 
according to received bank address. 
0003 2. Description of the Related Art 
0004 Generally, Rambus DRAM has two data storage 
areas and one I/O block for input/output, wherein data 
shifter blocks are connected to the data Storage areas in one 
to one correspondence to interface therebetween. 
0005 FIG. 1 is a block diagram of Rambus DRAM 
according to conventional method, comprising an interface 
logic circuit unit 1, a DLL unit 2, an I/O unit 3, top 
serial/parallel shifter unit 4, bottom serial/parallel shifter 
unit 5, a top memory bank unit 6 and lower memory bank 
unit 7. 

0006 When Read command or Write command is 
applied from the external, the interface logic circuit unit 1 
generates W1 signal in case of Write command and gener 
ates R1 Signal in case of Read Signal. 
0007. The DLL unit 2 generates W2 clock signals 
responding to the W1 signal received from the interface 
logic circuit unit 1 and generates R2 clock Signal responding 
to the R1 Signal received from the interface logic circuit unit 
1. 

0008. The W2 signal and the R2 signal generated in the 
DLL unit 2 are applied to the I/O unit 3 and then, buffered 
into W3 and R3 signals. The buffered W3 and R3 signals are 
applied to top and bottom Serial/parallel shifter units 4 and 
5, Simultaneously. 
0009. The top and bottom serial/parallel shifter units 4 
and 5 convert data received from the external into parallel 
data according to the W3 signal received from the I/O unit 
3 in write operation, and convert parallel data received from 
the top and bottom memory bank units 6 and 7 into serial 
data according to the R3 signal received from the I/O unit 3 
in read operation and output the result. 
0010) The conventional Rambus DRAM has top and 
bottom memory bank units 6 and 7 comprising 16 memory 
banks, wherein one of top and bottom memory bank units 
6.7 is operated in one read or write operation. 
0.011 However, according to the conventional Rambus 
DRAM, R3 and W3 signals, which are generated from the 
I/O unit 3, are simultaneously inputted to top and bottom 
serial/parallel shifter units 4 and 5 and thereby, both of them 
unnecessarily operate in read or write operation. Therefore, 
clock toggling is generated in one shifter block unnecessar 
ily operating in read or write operation and power consump 
tion is increased. 

SUMMARY OF THE INVENTION 

0012. Therefore, the present invention has been made to 
solve the above problems and the object of the present 
invention is to provide Rambus DRAM reducing power 
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consumption by controlling top and bottom Serial/parallel 
shifter blocks to independently operate according to 
received bank address. 

0013 In order to accomplish the above object, the present 
invention comprises: a top memory bank unit comprising a 
plurality of banks for Storing data; a bottom memory bank 
unit comprising a plurality of banks for Storing data; a top 
Serial/parallel shifter unit connected between the top 
memory bank unit and input/output block unit for converting 
data received by read or write command into Serial or 
parallel data and outputting the result, and a bottom Serial/ 
parallel shifter unit connected between the bottom memory 
bank unit and input/output block unit for converting data 
received by read or write command into Serial or parallel 
data and outputting the result, the Rambus DRAM including 
an interface logic circuit unit for generating first read clock 
Signal R1 and top read Selection signal R top or bottom read 
Selection signal R bot for Selecting the top or the bottom 
memory bank unit according to read command received 
from the external and generating first write clock signal W1 
and top write Selection signal W top or bottom write Selec 
tion signal W bot for selecting the top or the bottom 
memory bank unit according to write command received 
from the external; a delay lock loop (DLL) unit for receiving 
the first write clock signal W1 to generate first write clock 
Signal W2 and receiving the first read clock signal R1 to 
generate Synchronized Second read clock signal R2, and an 
input/output block unit for generating Signals for Selectively 
controlling the operation of top Serial/parallel shifter unit or 
bottom serial/parallel shifter unit by buffering the first write 
clock signal W2 or the first read clock signal R2 received 
from the DLL according to the top read Selection Signal 
R top, the bottom read Selection signal Ribot, the top write 
Selection signal W top and the bottom write Selection signal 
W bot received from the interface logic circuit unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a block diagram of Rambus DRAM 
according to conventional art. 
0.015 FIG. 2 is a block diagram of Rambus DRAM 
according to the present invention. 
0016 FIG. 3 is a block diagram of interface logic circuit 
unit in FIG. 2, showing the operation path by current control 
command and read command. 

0017 FIG. 4A is a detailed circuit diagram of first 
top/bottom separation unit 110 in FIG. 3. 
0018 FIG. 4B is a detailed circuit diagram of second 
top/bottom separation unit 120 in FIG. 3. 
0019 FIG.4C is a detailed circuit diagram of first enable 
Signal generating unit 130, Second enable Signal generating 
unit 140 and OR gate unit 180. 
0020 FIG. 4D is a detailed circuit diagram of first 
disable timing control unit 150 in FIG. 3. 
0021 FIG. 4E is a detailed circuit diagram of second 
disable timing control unit 160 in FIG. 3. 
0022 FIG. 4F is a detailed circuit diagram of output 
driver enable timing control unit 170 in FIG. 3. 
0023 FIG. 5 is a block diagram of interface logic circuit 
unit in FIG. 2, showing operation path by write command. 
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0024 FIG. 6A is a detailed circuit diagram of first 
disable timing control unit 220 in FIG. 5. 
0.025 FIG. 6B is a detailed circuit diagram of second 
disable timing control unit 230 in FIG. 5. 
0.026 FIG. 6C is a detailed circuit diagram of write 
buffer control unit 240 in FIG. 5. 

0027 FIG. 6D is a detailed circuit diagram of top/bottom 
Separation unit 210, first write data input Signal generating 
unit 250, first enable signal generating unit 260 and second 
enable signal generating unit 270 in FIG. 5. 

0028 FIG. 6E is a detailed circuit diagram of second 
write data input signal generating unit 280 in FIG. 5. 
0029 FIG. 7 is an operation timing diagram showing the 
post-layout Simulation result by interface logic circuit of 
Rambus DRAM according to the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0030 The above objects, and other features and advan 
tages of the present invention will become more apparent 
after reading the following detailed description when taken 
in conjunction with the drawings. 

0.031 FIG. 2 is a block diagram of low power type 
Rambus DRAM according to the present invention com 
prising: upper and lower memory bank units 60 and 70 
including 16 banks for Storing data respectively; an interface 
logic circuit unit 10 for generating R1 signal when read 
command is received from the external and for generating 
W1 signal and W top signal or W bot signal when write 
command is received from the external; a DLL unit 20 for 
receiving the W1 signal from the interface logic circuit unit 
10 to generate W2 clock signal and for receiving the R1 
Signal to generate R2 clock signal; an I/O unit 30 for 
generating W3 top signal by buffering the W2 signal 
received from the DLL unit 20 when the W top signal is 
received from the interface logic circuit unit 10, for gener 
ating W3 bot signal by buffering the W2 signal received 
from the DLL unit 20 when the W bot signal is received 
from the interface logic circuit unit 10, for generating 
R3 top signal by buffering the R2 signal received from the 
DLL unit 20 when the R top signal is received from the 
interface logic circuit unit 10, and for generating R3 bot 
signal by buffering the R2 signal received from the DLL unit 
20 when the R bot signal is received from the interface logic 
circuit unit 10; a top serial/parallel shifter unit 40 for 
converting serial data received through the I/O unit 30 into 
parallel data according to W3 top signal received from the 
I/O unit 30 and transmitting the converted parallel data to the 
top memory bank unit 60, and then converting parallel data 
received from the top memory bank unit 60 into serial data 
according to the R3 top signal received from the I/O unit 30 
and transmitting the converted serial data to the I/O unit 30; 
and a bottom serial/parallel shifter unit 50 for converting 
serial data received through the I/O unit 30 into parallel data 
according to W3 bot signal received from the I/O unit 30 
and transmitting the converted parallel data to the bottom 
memory bank unit 70, and then for converting parallel data 
received from the bottom memory bank unit 70 into serial 
data according to R3 bot Signal received from the I/O unit 
30 and transmitting the converted serial data to the I/O unit 
30. 

Jan. 30, 2003 

0032 Generally, when read or write command is applied 
from the external, an address is applied with the command 
to indicate whether the command is to the top memory bank 
unit 60 or to the bottom memory bank unit 70. The address 
is applied to bank address area through RQ pin and it 
becomes a command for Selecting the bottom memory bank 
unit 60 if the address has a value in the range of 0 to 15 and 
it becomes a command for Selecting the top memory bank 
unit 70 if the address has a value in the range of 16 to 31. 
0033 Referring to FIG. 2, the interface logic circuit unit 
10 generates enable signals W top, W bot, R top, R bot for 
selectively driving the top or bottom memory bank unit 60 
or 70 to the I/O unit 30 referring to the applied bank address. 
The interface logic circuit unit 10 generates write clock 
signal W3 top to top serial/parallel shifter unit 40 when the 
received command is write command and the received bank 
address Signal has a value in the range of 16 to 31, and 
generates write clock signal W3 bot to bottom serial/paral 
lel shifter unit 50 when the received command is write 
command and received bank address Signal has a value in 
the range of 0 to 15. And, the interface logic circuit unit 10 
generates read clock signal R3 top to top Serial/parallel 
shifter unit 40 when the received command is read command 
and the received bank address Signal has a value in the range 
of 16 to 31, and generates read clock signal R3 bot to 
bottom serial/parallel shifter unit 50 when the received 
command is read command and the received bank address 
Signal has a value in the range of 0 to 15. 
0034). If read/write command is applied to top memory 
bank unit 60, only the enable signal R top and W top 
become logic high and are toggled. On the other hand, the 
enable signal R bot and W bot are not toggled and set to 
high. 

0035) The I/O unit 30 buffers the first write clock signal 
W2 or the first read clock signal R2 received from the DLL 
unit 10 according to the read clock signal R top, R bot and 
the write clock signal W top, W bot received from the 
interface logic circuit unit 10 and then, generates Signals for 
Selectively controlling operations of the top Serial/parallel 
shifter unit 40 or the bottom serial/parallel shifter unit 50. 
That is, the I/O unit 30 generates read clock signal R3 top 
and write signal W3 top to the top serial/parallel shifter unit 
40 and generates read clock signal R3 bot and write clock 
signal W3 bot to the bottom serial/parallel shifter unit 50. 
0036) The top serial/parallel shifter unit 40 converts serial 
data received from the I/O unit 30 into parallel data accord 
ing to write clock signal W3 top received from the I/O unit 
30 and transmits the result to the top memory bank unit 60, 
and then converts parallel data received from the top 
memory bank unit 60 into Serial data according to read clock 
signal R3 top received from the I/O unit 30 and transmits 
the result to the I/O unit 30. 

0037. The bottom serial/parallel shifter unit 50 converts 
serial data received from the I/O unit 30 into parallel data 
according to write clock signal W3 bot received from the 
I/O unit 30 and transmits the result to the bottom memory 
bank unit 70, and then converts parallel data received from 
the bottom memory bank unit 70 into serial data according 
to read clock signal R3 bot received from the I/O unit 30 
and transmits the result to the I/O unit 30. 

0038. Therefore, in the present invention, it is possible to 
control top or bottom Serial/parallel shifter block, respec 
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tively and operate one Serial/parallel shifter memory bank 
block and thereby, reducing power consumption. 

0.039 FIG. 3 is a block diagram of interface logic circuit 
unit 10, showing the operation path by current control 
command and read command. 

0040. Referring to FIG. 3, the interface logic circuit unit 
10 includes an enable control unit 100 for controlling to 
enable one of top read clock signal R top and bottom read 
clock signal R bot according to bank address received with 
read or current control command, and an output driver 
enable timing control unit 170 for controlling to disable the 
enabled top read clock signal R top or bottom read clock 
Signal R bot after a predetermined time. 

0041. The enable control unit 100 comprises a first and a 
second top/bottom separation units 110 and 120, a first and 
a second enable signal generation units 130 and 140, a first 
and a second disable timing control units 150 and 160 and 
an OR gate unit 180. 

0042. The first top/bottom separation units 110 receives 
and command Signal RO and maximum valid bit signal 
BA-4> of bank address and then, generates internal read 
command Signal ROtb and RO bb for separating top and 
bottom memory banks. 

0043. When the current control update selector signal 
CCUDS and read command finally received are signals for 
Selecting top part of memory, the Second top/bottom Sepa 
ration unit 120 receives a top banks selector signal TBS set 
to logic high and generates internal current control com 
mand Signal CC th and CC bb for Selecting top or bottom 
serial/parallel shifter units 40 and 50 used in a prior read 
command when a current command is performed. 

0044) The first enable signal generation unit 130 receives 
internal read command signal ROth and RO bb from the 
first top/bottom separation unit 110, internal current control 
command Signal CC th and CC bb from the Second top/ 
bottom Separation unit 120, reset bar signal Reset b, read 
active signal Ract, current command active signal CC act, 
control Signal EN and clock signal rclk and then, generates 
top read clock signal R top to the top serial/parallel shifter 
unit 40 when read or current command is applied to top 
memory bank unit 60. 

004.5 The second enable signal generation unit 140 
receives internal read command signal ROth and RO bb 
from the first top/bottom separation unit 110, internal current 
command Signal CC th and CC bb from the Second top/ 
bottom separation unit 120, the reset bar Signal Reset b and 
the clock signal rclk and Signals S1, S2 from the first enable 
Signal generation unit 130, and then generates bottom read 
clock signal R bot to the bottom serial/parallel shifter unit 
50 when read or current command for the bottom memory 
bank unit 70 is received. 

0046) The first disabling timing control unit 150 receives 
internal read command Signal ROtb from the first top/ 
bottom Separation unit 110, internal current control com 
mand Signal CC th from the Second top/bottom separation 
unit 120, timing control signal TCS, top bank selection 
Signal TBS, clock signal rclk, clock signal rd5 en and 
control signal OP t and then, generates first and Second 
timing control Signals C and D to the first enable Signal 
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generation unit 130 for disabling the top read clock signal 
R top outputted from the first enable generation unit 130 
after a predetermined time. 

0047 The second disable timing control unit 160 receives 
internal read command signal RO bb from the first top/ 
bottom Separation unit 110, internal current control com 
mand signal CC bb from the Second top/bottom separation 
unit 120, timing control signal TCS, top bank selection 
Signal TBS, clock signal rclk, clock signal rd5 en and 
control signal OP b and generates first and Second timing 
control Signal E and F to the Second enable Signal generation 
unit 140 for disabling the bottom read clock signal R bot 
outputted from the Second enable Signal generation unit 140 
after a predetermined time. 

0048. The OR gate unit 180 generates enable signal R1 
having logic high when one of the top read clock signal 
R top received from the first enable signal generation unit 
130 and the bottom read clock signal T bot received from 
the Second enable Signal generation unit 140, is enabled. 

0049 Referring to FIGS. 2 and 3, the operation will be 
described in more detail. 

0050. The output driver enable timing control unit 170 
receives the top read clock signal R3 top and output signal 
A generated from the first enable Signal generation unit 130, 
and the bottom read clock signal R3 bot and output signal 
B generated from the Second enable signal generation unit 
140, and generates signal dis R for enabling output driver 
and disabling the output driver after a predetermined time 
when one of the top read clock signal R3 top and the bottom 
read clock signal R3 bot is enable. 
0051. The first top/bottom separation unit 110 generates 
internal command Signal ROtb and RO bb according to 
internal read command Signal RO and maximum valid bit 
Signal BAZ42 of bank address when read command is 
received from the external. If address for the top memory is 
applied, the maximum bit signal BA-42 of bank address 
becomes 1 and only internal read command Signal ROtb 
of the internal read command signals RO th and RO bb 
becomes active to 0. 

0052 The second top/bottom separation unit 120 sepa 
rates top and bottom memory banks by receiving internally 
generated current control command Signal CCUDS and top 
bank selection signal TBS when the current control com 
mand CC is applied and generating internal current control 
command signal CC th and CC bb. The top bank selection 
signal TBS becomes high only when finally-received read 
command is to top memory bank unit 60 (when the bank 
address of MSB is high). 
0053 When current control command CC is performed, 
Serial/parallel shifter used by the prior read command, is 
employed as top and bottom serial/parallel shifter units 40 
and 50. 

0054 The first enable signal generation unit 130 receives 
internal read command signal ROtb and RO bb from the 
first top/bottom separation unit 110, internal current control 
command Signal CC th and CC bb from the Second top/ 
bottom Separation unit 120, reset bar signal Reset b, read 
active signal Ract, current command active signal CC act, 
control signal EN and clock signal rclk, and generates top 
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read clock signal R top to the Serial/parallel shifter unit 40 
when read or current command is applied to top memory 
bank unit 60. 

0.055 That is, when read or current control command CC 
is received to top memory bank unit 60, the first enable 
signal generation unit 130 for the top memory bank unit 60 
Sets the top read clock signal R top to high and operates 
clock connected to the top serial/parallel shifter unit 40. 
0056. The bottom memory bank signals are outputted 
with top memory bank Signals. Such as internal read com 
mand Signal RO tb and internal current control command 
signal CC th to the first enable signal generation unit 130 
Since top read clock signal R top and bottom read clock 
Signal R bot are required to set to high before signals to 
each command are separated into two Signals in the first 
top/bottom separation unit 110 and the second top/bottom 
Separation unit 120. The timing of top read clock signal 
R top is controlled by read active signal Ract and current 
control active signal CC act enabled 1 cycle prior to 4 
Signals generated in the first top/bottom Separation unit 110 
and the second top/bottom separation unit 120. 

0057 That is, when one of read active signal Ract and 
current control active signal CC act becomes active, both of 
top read clock signal R top and bottom read clock signal 
R bot are enabled and, after one cycle, one of the signals 
becomes high and the other is disabled according to 4 
developed signals outputted from the first top/bottom Sepa 
ration unit 110 and the second top/bottom separation unit 
120. 

0.058. The second enable signal generation unit 140 
receives internal read command signal ROth and RO bb 
from the first top/bottom separation unit 110, internal current 
command signal CC th, CC bb from the second top/bottom 
Separation unit 120, reset bar signal Reset b, clock signal 
rclk and signals S1 and S2 from the first enable signal 
generation unit 130, and generates top read clock signal 
R bot to the bottom serial/parallel shifter unit 50 when read 
or current command for bottom memory bank unit 70 is 
received. 

0059) The first disable timing control unit 150 generates 
timing for disabling the top read clock signal R top gener 
ated in the first enable Signal generation unit 130, after a 
predetermined time. 

0060. The timing for disabling the top read clock signal 
R top depends on the position of DRAM on Rambus 
channel. A timing control Signal TCS and top bank Selection 
Signal TBS are employed to control the timing, wherein the 
timing control Signal TCB has timing information to be 
maintained by the top read clock signal R top to read or 
current control command. The top bank selection signal TBS 
determines whether the received command is for top 
memory bank unit 60 or bottom memory bank unit 70. 

0061 The first disable timing control unit 150 combines 
the timing control signal TCS with the top bank selection 
signal TBS to control disable timing of the top read clock 
Signal R top. 
0062) The two signals C and D are outputted from the 

first disable timing control unit 150 and feedback is per 
formed to the first enable signal generation unit 130 to 
control disable timing of the top read clock signal R top. 
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0063 AS similar to the first disable timing control unit 
150, the second disable timing control unit 160 performs 
feedback of output signals E and F to the Second enable 
Signal generation unit 140 to control disable timing of the 
bottom read clock signal R bot. 
0064. When read command or current control command 
is performed, internal data should be outputted to output pin. 
Therefore, it is required to generate Signals for enabling and 
disabling output driver in a predetermined time. The output 
driver enable timing control unit 170 is proposed to perform 
this process. 

0065. The output driver enable timing control unit 170 
receives the top read clock signal R top and output signal A 
generated from the first enable Signal generation unit 130, 
and the bottom read clock signal R bot and output signal B 
generated from the Second enable signal generation unit 140. 
When one of top read clock signal R top and bottom read 
lock signal R bot is enabled by the received signal, output 
Signal dis R becomes high and the output driver is 
enabled. Then, in a timing for disabling the top read clock 
Signal R top or the bottom read clock signal R bot, the 
output signal A generated from the first enable Signal gen 
eration unit 130 and the output signal B generated from the 
Second enable signal generation unit 140 are received, 
thereby Setting the output signal dis R to low and disabling 
the output driver. 
0066. The OR gate unit 180 receives the top read clock 
Signal R top an the bottom read clock signal Ribot, and 
generates first read clock signal R1 to the DLL unit 20, 
wherein the first read clock signal R1 becomes high when 
one of the received signals becomes high. The first read 
clock signal R1 is provided as clock Source R2 to Select top 
and bottom memory banks. 
0067 FIGS. 4A to 4F are detailed circuit diagrams of 
circuits in FIG. 3. 

0068 Referring to FIG. 4A, the first top/bottom separa 
tion unit 110 comprises an inverter G1 for receiving maxi 
mum valid bit signal BA<42 of bank address and outputting 
the inverted signal, a NAND gate G2 for receiving the 
maximum valid bit signal BA-4s of bank address and read 
command Signal RO and generating internal read command 
RO tb, and a NAND gate G3 for receiving output signal of 
the inverter G1 and read command Signal RO and generating 
internal read command Signal RO bb. 
0069 FIG. 4B is a detailed circuit diagram of second 
top/bottom separation unit 120 in FIG. 3, comprising an 
inverter G4 for receiving top bank signal TBS becoming 
logic high when finally-received read command is a signal 
for Selecting top memory and outputting the inverted Signal, 
a NAND gate G5 for receiving the top bank signal TBS and 
the current command Signal CCUDS and generating internal 
current control command Signal CC th, and a NAND gate 
G6 for receiving output signal of the inverter G4 and the 
current command Signal CCUDS and generating internal 
current control command Signal CC bb. 
0070 FIG.4C is a detailed circuit diagram of first enable 
Signal generation unit 130, Second enable Signal generation 
unit 140 and OR gate unit 180 in FIG. 3. 
0071 Referring to FIG. 4C, the first enable signal gen 
eration unit 130 comprises an OR gate G7 for receiving 
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inverted signal of read active signal Ract and inverted 
Signal of command current signal CC act and generating 
OR operated signal P; a flip flop F1 for receiving output 
signal P from the OR gate G7 and clock signal rclk; a flip 
flop F2 for receiving output signal QB from the flip flop F1 
and clock signal rclk, a flip flop F3 for receiving output 
signal Q from the flip flop F2 and clock signal rclk; an OR 
gate G8 for receiving output signal S1 from the flip flop F3, 
internal read command signal RO bb from the first top/ 
bottom separation unit 110 and internal current control 
command Signal CC bb from the Second top/bottom sepa 
ration unit 120 and reset bar signal Reset b; an inverter G9 
for receiving Source Voltage Vcc and generating ground 
Voltage VSS, a flip flop F4 for receiving output Signal VSS 
from the inverter G9, output signal P from the OR gate G7 
and output signal from the OR gate G8; a NAND gate G13 
for receiving output signal C and D from the first disable 
timing control unit 150, output signal ROth from the first 
top/bottom separation unit 110 and output signal CC th 
from the second top/bottom separation unit 120; a flip flop 
F5 for receiving output signal from the NAND gate G13 and 
the clock signal rclk, a NAND gate G14 for receiving output 
signal from the flip flop F5 and signal G.; an OR gate G15 
for receiving inverted Signal from output Signal of the 
NAND gate G14, inverted signal of output signal RO tb 
from the first top/bottom separation unit 110 and inverted 
Signal of output signal CC th from the Second top/bottom 
Separation unit 120; a flip flop F6 for receiving output Signal 
from the OR gate G15, the clock signal rclk and the reset bar 
dignal Reset b, and generating the signal G.; an inverter G16 
for receiving the control signal EN and outputting the 
inverted signal; an OR gate G17 for receiving inverted 
Signal of the reset bar signal Reset b and inverted signal of 
output signal from the inverter G16; a NOR gate G18 for 
receiving output signal G from the flip flop F6 and output 
signal from the OR gate G17; an OR. gate G10 for receiving 
inverted signal of the read active signal Ract, inverted 
signal of the current command signal CCUDS, inverted 
Signal of output signal from the flip flop F4 and inverted 
signal of output signal from the NOR gate G18; and invert 
ers G11 and G12 serially connected between output terminal 
of the OR gate G10 and output terminal for the top read 
clock signal R top. 
0.072 The second enable signal generation unit 140 com 
prises: a NAND gate G19 for receiving internal read com 
mand signal RO bb from the first top/bottom separation unit 
110, internal current command signal CC bb from the 
Second top/bottom Separation unit 120 and output Signals E 
and F from the second disable timing control unit 160; a flip 
flop F7 for receiving output signal from the NAND gate G19 
and the clock signal rclk; a NAND gate G20 for receiving 
output signal from the flip flop F7 and signal H; an OR gate 
G21 for receiving inverted Signal of output signal from the 
NAND gate G20, inverted signal of output signal RO bb 
from the first top/bottom separation unit 110 and inverted 
Signal of output signal CC bb from the Second top/bottom 
separation unit 120; a flip flop F9 for receiving output signal 
from the OR gate G21 and the clock signal rclk and the reset 
bar signal Reset b, and outputting the Signal H, a NOR gate 
G22 for receiving output signal H from the flip flop F9 and 
output signal M from the OR gate G17; an OR gate G24 for 
receiving inverted signal of the reset bar signal Reset b, 
inverted signal of output signal S1 from the flip flop F3 in 
the first enable signal generation unit 130, inverted Signal of 
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output signal ROtb from the first top/bottom separation unit 
110, and inverted signal of output signal CC th from the 
second top/bottom separation unit 120; a flip flop F8 for 
receiving the ground Voltage VSS and output signal P from 
OR gate G7 in the first enable generation unit 130; an OR 
gate G23 for receiving inverted Signal of output signal from 
the flip flop F8, inverted signal of the read active signal 
Ract, inverted Signal of the current control command signal 
CCUDS, and inverted signal of output signal from the NOR 
gate G22; and inverters G27 and G28 serially connected 
between output terminal of the OR gate G23 and output 
Signal for the bottom read clock signal R bot. 
0073. The OR gate unit 180 comprises a AND gate G25 
for receiving inverted Signal of output Signal from the OR 
gate G10 and inverted signal of output signal from the OR 
gate G23, and an inverter G26 for receiving output Signal 
from the AND gate G25 and generating first read clock 
signal R1 to the DLL unit 20. 
0074 FIG. 4D is a detailed circuit diagram of first 
disable timing control unit 150 in FIG. 3, comprising: a 
NAND gate G29 for receiving the timing control signal TCS 
and the top bank selection signal TBS; an OR gate G30 for 
receiving inverted signal of output signal from the NAND 
gate G29, inverted Signal of internal read command Signal 
RO tb from the first top/bottom separation unit 110 and 
inverted Signal of internal current control command Signal 
CC th from the second top/bottom separation unit 120; a flip 
flop F10 for receiving output signal from the OR gate G30 
and the clock signal rclk, a flip flop F16 for receiving control 
signal OP tand clock signal rclk; a buffer G37 for receiving 
output bar signal QB from the flip flop F16 and outputting 
buffered signal; a flip flop F17 for receiving output signal 
from the buffer G37 and clock signal rclk; a flip flop F18 for 
receiving the output bar signal QB from flip flop F16 and 
output signal Q from the flip flop F17; a flip flop F19 for 
receiving output signal Q from the flip flop F18 and the 
clock signal rclk; a NOR gate G38 for receiving output 
signal Q from the flip flop F10 and output signal from the 
flip flop F19; a flip flop F20 for receiving output signal from 
the NOR gate G38 and the clock signal rclk; a NOR gate 
G34 for receiving the output signal QB from flip flop F20 
and the output signal Q from flip flop F10; a flip flop F13 for 
receiving the output signal from NOR gate G34 and the 
clock signal rclk; a NOR gate G35 for receiving the output 
bar signal QB from flip flop F13 and the output signal Q 
from flip flop F10; a flip flop F14 for receiving the output 
signal from NOR gate G35 and the clock signal rclk1; a 
NOR gate G36 for receiving the output Q from flip flop F10 
and the output bar signal QB from flip flop F14; a flip flop 
F15 for receiving the output from NOR gate G36 and the 
clock signal rclk, an inverter G31 for receiving the output 
Signal from flip flop F10, and outputting the inverted Signal 
C; a NOR gate G32 for receiving the output signal Q from 
flip flop and the output bar signal QB from flip flop F15; a 
flip flop F1 for receiving the output signal from NOR gate 
G32 and the clock signal rclk; a NOR gate G33 for receiving 
the output signal Q from flip flop F10 and the output bar 
signal QB from flip flop F11; and a flip flop F12 for 
receiving the output signal from NOR gate G33 and the 
clock signal rclk and generating Signal D. 

0075 FIG. 4E is a detailed circuit diagram of second 
disable timing control unit 160 in FIG. 3, comprising: a 
NAND gate G39 for receiving the timing control signal TCS 
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and the top bank selection signal TBS; an OR gate G40 for 
receiving inverted signal of output signal from the NAND 
gate G39, inverted Signal of internal read command Signal 
RO bb from the first top/bottom separation unit 110 and 
inverted Signal of internal current control command Signal 
CC bb from the second top/bottom separation unit 120; a 
flip flop F21 for receiving the output signal from OR gate 
G40 and the clock signal rclk; a flip flop F24 for receiving 
the control signal OP t and the clock signal rclk, a buffer 
G47 for receiving the output signal QB from flip flop F24 
and outputting the buffered signal; a flip flop F25 for 
receiving the output signal from buffer G47 and the clock 
Signal rclk, a flip flop F26 for receiving the output bar Signal 
QB from flip flop F24 and the output signal Q from flip flop 
F25; a flip flop F27 for receiving the output signal Y from 
flip flop F26 and the clock signal rclk; a NOR gate G48 for 
receiving the output signal Q from flip flop F27 and the 
output signal K from flip flop F21; a flip flop F28 for 
receiving the output signal from NOR gate G48 and the 
clock signal rclk, a NOR gate G44 for receiving the output 
signal QB from flip flop F28 and the output signal K from 
flip flop F21; a flip flop F29 for receiving the output signal 
from NOR gate G44 and the clock signal rclk; a NOR gate 
G45 for receiving the output signal QB from flip flop F29 
and the output signal Q from flip flop F21; a flip flop F30 for 
receiving the output signal from NOR gate G45 and the 
clock signal rclk; a NOR gate G 46 for receiving the output 
signal K from flip flop F21 and the output signal QB from 
flip flop F30; a flip flop F31 for receiving the output signal 
from NOR gate G46 and the clock signal rclk; an inverter 
G41 for receiving the output signal K from flip flop F21 and 
outputting the inverted signal E; a NOR gate G42 for 
receiving the output signal K from flip flop F21 and the 
output signal QB from flip flop F31; a flip flop F22 for 
receiving the output signal from NOR gate G42 and the 
clock signal rclk, a NOR gate G43 for receiving the output 
signal K from flip flop F21 and the output signal QB from 
flip flop F22; and a flip flop F23 for receiving the output 
signal from NOR gate G43 and the clock signal rclk and 
generating Signal F. 
0.076 FIG. 4F is a detailed circuit diagram of output 
driver enable timing control unit 170 in FIG. 3, comprising: 
a NOR gate G49 for receiving output signal R top (A) from 
the first enable signal generation unit 130; a NOR gate G50 
for receiving output signal R bot (B) from the Second enable 
signal generation unit 140; a NOR gate G51 for receiving 
output signal from the NOR gate G49 and the NOR gate 
G50; and a flip flop F32 for receiving the output signal from 
NOR gate G51 and the clock Signal rclk, and generating 
Signal dis R. 
0.077 FIG. 5 is a block diagram of interface logic circuit 
unit 10 in FIG. 2, showing the operation path by write 
command. 

0078 Referring to FIG. 5, the interface logic circuit unit 
10 comprises: a top/bottom separation unit 210; first and 
second disable timing control units 220 and 230; a write 
buffer control unit 240; a first write data input signal 
generation unit 250; first and Second enable signal genera 
tion units 260 and 270; a second write data input signal 
generation unit 280; an OR gate unit 290; and an inverter 
291. 

007.9 The top/bottom separation unit 210 receives write 
command signal WO and maximum valid bit signal BA-4s 
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of bank address and generates write command Signals 
WOtb and WO bb for separating top and bottom memory 
bankS. 

0080. The first disable timing control unit 220 receives 
internal write command signal WOth from the top/bottom 
Separation unit 210 and clock signal rclk, and generates a 
timing control signal DWOE th for disabling top write 
clock signal W top and a control signal WOE th for con 
trolling write buffer. 

0081. The second disable timing control unit 230 receives 
internal write command signal WO bb from the top/bottom 
Separation unit 210 and clock signal rcld, and generates a 
timing control signal DWOE bb for disabling bottom write 
clock signal W bot and a control signal WOE bb for 
controlling write buffer. 

0082) The write buffer control unit 240 receives control 
signals WOE th and WOE bb from first and second disable 
timing control units 220 and 230 and the clock signal rclk 
and generates 4 Write buffer control Signals 
WBC 1-WBC 3 (A) for controlling write buffer and con 
trol signals WC1, WC2 for controlling to receive write data 
from the external via input/output pin. 

0083. The first write data input signal generation unit 250 
receives control signal WC1 from the write buffer control 
unit 240, the clock signal rclk, test write signal TWD0123 
and TWD4567 and control signal DAMODE, and generates 
signals WD0123 t Land WD0123 b Lin write data 0 to 3 
WD0123 and signals WD4567 t L and WD4567 b_L in 
write data 4 to 7 WD4567 for receiving write data via 
external pin. 

0084. The second write data input signal generation unit 
280 receives control signal WC2 from the write buffer 
control unit 240, the clock signal rclk, the test write signals 
TWD0123 and TWD4567 and the control signal DAMODE 
and generates signals WD0123 t R and WD0123 b R in 
write data 0 to 3 WD0123 and signals WD4567 t R and 
WD4567 b R in write data 4 to 7 WD4567 for receiving 
write data via external pin. 

0085. The first enable signal generation unit 260 receives 
timing control signal DWOE th from the first disable timing 
control unit 220, internal write command signal WO tb 
from the top/bottom Separation unit 210, the clock signal 
rclk and the control Signal CS to generate top write clock 
Signal W top and control the disable timing of the generated 
top write clock signal W top. 

0086 The second enable signal generation unit 270 
receives timing control signal DWOE bb from the second 
disable timing control unit 230, internal write command 
signal WO bb from the top/bottom separation unit 210, the 
clock Signal rclk and the control Signal CS to generate 
bottom write clock signal W bot and control the disable 
timing of the generated bottom write clock signal W bot. 

0087. The OR gate unit 290 receives the write clock 
Signal W top from the first enable signal generation unit 260 
and the bottom write clock signal W bot from the second 
enable signal generation unit 270 to generate a first write 
clock signal W1 to the DLL unit 20, and the inverter 291 
receives the first write clock signal W1 from the OR gate 
unit 290 to output inverted signal W1b. 



US 2003/0021175 A1 

0088. When a write command is received from the exter 
nal, write command signal WO becomes high. 
0089 AS for write command, the top/bottom separation 
unit 210 receives maximum valid bit signal BA-4s of bank 
address with the write command signal WO to generate 
internal write command signals WO th and WO bb for 
Separating top memory bank and bottom memory bank. 
0090. If the received bank address BAZ42 is high, the 
internal write command signal WOth is enabled to low 
and the internal write command signal WO bb is disabled to 
high. 

0091. The first disable timing control unit 220 receives 
internal write command signal WOth from the top/bottom 
Separation unit 210, and generates timing control Signal 
DWOE th to the first enable signal generation unit 260 for 
disabling top write clock signal W top generated in the first 
enable signal generation unit 260. 
0092. The second disable timing control unit 230 receives 
internal write command signal WO bb from the top/bottom 
Separation unit 210, and generates timing control Signal 
DWOE bb to the second enable signal generation unit 270 
for disabling bottom write clock signal W bot generated in 
the Second enable Signal generation unit 270. 
0093. The write buffer control unit 240 receives control 
signals WOE th and WOE bb from first and second disable 
timing control units 220 and 230, and generates 4 write 
buffer control signals WBC 1-WBC 3 (A) for controlling 
internal write buffer. And, the write buffer control unit 240 
generates control signals WC1 and WC2 for controlling to 
receive write data from the external via input/output pin. 
0094. The first write data input signal generation unit 250 
and the Second write data input signal generation unit 280 
receive the control signals WC1 and WC2 from the write 
buffer control unit 240 and generate signal WD0123 in write 
data 0 to 3 and signal Wa4567 in write data 4 to 7 for 
receiving write data via external pin. The first write data 
input signal generation unit 250 and the Second write data 
input signal generation unit 280 are separated to receive 
external data DQA and DQB, respectively. 
0.095 The first enable signal generation unit 260 receives 
internal write command signal WOth from the top/bottom 
Separation unit 210, and generates top write clock signal 
W top for driving the top serial/parallel shifter unit 40. And, 
the first enable Signal generation unit 260 receives the timing 
control signal DWOE th from the first disable timing con 
trol unit 220 to control the disable timing of the top write 
clock signal W top. 
0096. The second enable signal generation unit 270 
receives internal write command signal WO bb from the 
top/bottom Separation unit 210, and generates bottom write 
clock signal W bot for driving the bottom serial/parallel 
shifter unit 50. And, the Second enable Signal generation unit 
270 receives the timing control signal DWOE bb from the 
second disable timing control unit 230 to control the disable 
timing of the top write clock signal W bot. 
0097. The OR gate unit 290 receives the top write clock 
Signal W top from the first enable signal generation unit 260 
and the bottom write clock signal W bot from the second 
enable signal generation unit 270 to generate a first write 
clock signal W1 to the DLL unit 20. 
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0.098 FIG. 6A is a detailed circuit diagram of first 
disable timing control unit 220 in FIG. 5, comprising: a flip 
flop F41 for receiving the internal write command Signal 
WOtb from the top/bottom separation unit 210 and clock 
Signal rclk, and generating command Signal WOE th; a 
NAND gate G51 for receiving the control signal WOE th 
from the flip flop F41 and signal A from the write buffer 
control unit 240; a flip flop F42 for receiving the output 
signal from the NAND gate G51 and clock signal rclk; a 
NAND gate G52 for receiving the control signal WOE th 
from the flip flop F41 and the output signal from the flip flop 
F42; a flip flop F43 for receiving the output signal from the 
NAND gate G52 and clock signal rclk; a NAND gate G53 
for receiving the control signal WOE th from the flip flop 
F41 and the output signal from the flip flop F43; a flip flop 
F44 for receiving the output signal from the NAND gate 
G53 and the clock signal rclk; a NAND gate G54 for 
receiving the control signal WOE th from the flip flop F41 
and the output signal from the flip flop F44; a flip flop F45 
for receiving the output signal from the NAND gate G54 and 
the clock signal rclk; a NAND gate G55 for receiving the 
output signal from the flip flop F45, internal write command 
signal WOth, and the control signal WOE th from the flip 
flop F41; a flip flop F46 for receiving the output signal from 
the NAND gate G55 and the clock signal rclk; a NAND gate 
F56 for receiving the internal write command signal WOth, 
the control signal from the flip flop F41 and the output signal 
from the flip flop F46; and a flip flop F47 for receiving the 
output signal from the NAND gate F56 and the clock signal 
rclk to generate the timing control signal DWOE th. 
0099 FIG. 6B is a detailed circuit diagram of second 
disable timing control unit 230 in FIG. 5, comprising: a flip 
flop F48 for receiving the internal write command signal 
WO bb from the top/bottom separation unit 210 and the 
clock signal rclk, and generating the control Signal 
WOE bb; a NAND gate G57 for receiving the control signal 
WOE bb from the flip flop F48 and the signal A from the 
write buffer control unit 240; a flip flop F49 for receiving the 
output signal from NAND gate G57 and the clock signal 
rclk; a NAND gate G58 for receiving the control signal 
WOE th from the flip flop F48 and the output signal from 
flip flop F49; a flip flop F50 for receiving the output signal 
from NAND gate G58 and the clock signal rclk; a NAND 
gate G59 for receiving the control signal WOE th from the 
flip flop F48 and the output signal from flip flop F50; a flip 
flop F51 for receiving the output signal from NAND gate 
G50 and the clock signal rclk; a NAND gate G60 for 
receiving the control signal WOE th from the flip flop F48 
and the output signal from flip flop F51; a flip flop F52 for 
receiving the output signal from NAND gate G60 and the 
clock signal rclk; a NAND gate F61 for receiving the output 
Signal from flip flop F52, the internal write command Signal 
WO bb and the control signal WOE bb from the flip flop 
F48; a flip flop F53 for receiving the output signal from 
NAND gate G61 and the clock signal rclk, a NAND gate 
F62 for receiving the internal write command Signal 
WO bb, the control signal WOE bb from the flip flop F48 
and the output signal from the flip flop F53; and a flip flop 
F54 for receiving the output signal from the NAND gate F62 
and the clock signal rclk to generate the timing control Signal 
DWOE bb. 
0100 FIG. 6C is a detailed circuit diagram of write 
buffer control unit 240 in FIG. 5, comprising: a NAND gate 
F63 for receiving the control signals WOE th and WOE bb 
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from the first and the second disable timing control units 220 
and 230; a flip flop F55 for receiving the output signal from 
the NAND gate F63 and the clock signal rclk; a flip flop F56 
for receiving the output signal from the flip flop F55 and the 
clock signal rclk; a flip flop F57 for receiving the output 
signal from the flip flop F56 and the clock signal rclk; an 
inverter F65 for receiving the output signal from the flip flop 
F57 and generating the inverted write buffer control signal 
WBC 1; a flip flop F58 for receiving the output signal from 
the flip flop F55 and the clock signal rclk; a NAND gate F64 
for receiving the output signal from the flip flop F55 and the 
output signal from the flip flop F58 and generating write 
buffer control signal WBC 2; a buffer F66 for receiving the 
output signal from the flip flop F57 and generating the 
buffered signal; a flip flop F59 for receiving the output signal 
from the buffer F66 and the clock signal rclk; an inverter 
G67 for receiving the output signal from the flip flop F59 
and generating the inverted write buffer control signal 
WBC 3; a flip flop F60 for receiving the output signal from 
the flip flop F59 and the clock signal rclk; a flip flop F61 for 
receiving the output signal from the flip flop F60 and the 
clock signal rclk, an inverter G68 for receiving the output 
Signal from the flip flop F61 and generating the inverted 
signal; inverters G69 and G70 serially connected between 
the output terminal of the inverter G68 and the output 
terminal of the control signal WC1, and inverters G71 and 
G72 serially connected between the output terminal of the 
inverter G68 and the output terminal of the control signal 
WC2. 

0101 FIG. 6D is a detailed circuit diagram of top/bottom 
Separation unit 210, first write data input Signal generation 
unit 250, first enable signal generation unit 260, second 
enable signal generation unit 270, and OR gate unit 290. 
0102) In the drawing, the top/bottom separation unit 210 
comprises: an inverter G82 for receiving maximum valid bit 
Signal BA-42 of bank address and outputting the inverted 
signal; a NAND gate G87 for receiving the write command 
signal WO and the maximum valid bit signal BA-4s of bank 
address; and a NAND gate G91 for receiving the write 
command signal WO and output signal of the inverter G82. 
0103) The first write data input signal generation unit 250 
comprises: an inverter G73 for receiving the test write Signal 
TWD0123 and outputting the inverted signal; an inverter 
G74 for receiving the control signal DAMODE and output 
ting the inverted Signal; a flip flop F62 for receiving the 
output signal from the inverter G73, the output signal from 
the inverter G74, the control signal WC1 from the write 
buffer control unit 240 and the clock signal rclk; a flip flop 
F63 for receiving the output signal from the flip flop F62 and 
the clock signal rclk; a buffer G76 for receiving the output 
signal from the flip flop F63 and outputting the buffered 
Signal; an inverter G75 for receiving the test write Signal 
TWD4567 and outputting the inverted signal; a flip flop F64 
for receiving the output signal from the inverter G75, the 
output signal of the buffer G76 and the clock signal rclk; an 
inverter G77 for receiving the output signal from the flip flop 
F64 and outputting the inverted signal; a NAND gate G78 
for receiving the output signal from the inverter G77, the 
output Signal of the inverter G74 and the control Signal 
rd dly<2>; a flip flop F65 for receiving the output signal 
from the NAND gate G78 and the clock signal rclk; a 
NAND gate G79 for receiving the output signal from the flip 
flop F64 and output signal of the flip flop F65; an inverter 
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G80 for receiving the output signal from the NAND gate 
G79 and generating the write data input signal 
WD4567 t L; an inverter G81 for receiving the output 
signal from the NAND gate G79 and generating the write 
data input signal WD4567 b L.; an inverter G83 for receiv 
ing the output signal from the flip flop F62 and generating 
the write data input signal WD0123 t L; and an inverter 
G84 for receiving the output signal from the flip flop F62 
and generating the write data input signal WD0123 b L. 
0104. The first enable signal generation unit 260 com 
prises: a NAND gate G85 for receiving the timing control 
signal DWOE th from the first disable timing control unit 
220, the reset bar signal Reset b and the top write clock 
signal W top; an inverter G86 for receiving the control 
Signal CS and outputting the inverted Signal; an OR gate 
G88 for receiving the inverted signal from output signal of 
the inverter G86, the inverted signal of internal write com 
mand signal WOtb from the NAND gate G87 of the 
top/bottom separation unit 210 and the inverted signal of 
output signal from the NAND gate G85; a flip flop F66 for 
receiving the output signal from the OR gate G88 and the 
clock signal rclk; and an inverter G89 for receiving and 
inverting the output Signal from the flip flop F66 to generate 
the top write clock signal W top. 
0105 The second enable signal generation unit 270 com 
prises: a NAND gate G90 for receiving the timing control 
signal DWOE bb from the second disable timing control 
unit 230, the reset bar signal Reset b and the bottom write 
clock signal W bot; an OR gate G92 for receiving the 
inverted signal of output signal from the NAND gate G90, 
the inverted signal of output signal from the inverter G86 
and the inverted Signal of internal write command Signal 
WO bb from the NAND gate G91 of the top/bottom sepa 
ration unit 210; a flip flop F67 for receiving the output signal 
from the OR gate G92 and the clock signal rclk; and an 
inverter G94 for receiving and inverting the output Signal 
from the flip flop F67 to generate the bottom write clock 
signal W bot. 
0106 Referring to FIG. 5, the OR gate unit 290 com 
prises an OR gate 290 for receiving the top write clock 
Signal W top from the first enable signal generation unit 260 
and the bottom write enable signal W bot from the second 
enable signal generation unit 270 to generate a first write 
clock signal W1. As shown in FIG. 6D, the OR gate unit 290 
may comprise a NAND gate G93 for receiving the output 
Signal from flip flop F66 in the first enable Signal generation 
unit 260 and the output signal from flip flop F67 in the 
Second enable signal generation unit 270. 

0107 FIG. 6E is a detailed circuit diagram of second 
data input signal generation unit 280 in FIG. 5, comprising: 
an inverter G96 for receiving the test write signal TWD0123 
and outputting the inverted signal; an inverter G97 for 
receiving the control signal DAMODE and outputting the 
inverted Signal; a flip flop F68 for receiving the output Signal 
from the inverter G96, the output signal from the inverter 
G97, the control signal WC2 from the write buffer control 
unit 240 and clock signal rclk; a flip flop F69 for receiving 
the output signal from the flip flop F68 and the clock signal 
rclk; a buffer G99 for receiving the output signal from the 
flip flop F69 and outputting the buffered signal; an inverter 
G98 for receiving the test write signal TWD4567 and 
outputting the inverted signal; a flip flop F70 for receiving 
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the output signal from the inverter G98, the output signal 
from the buffer G99 and the clock signal rclk; an inverter 
G100 for receiving the output signal from the flip flop F70 
and outputting the inverted signal; a NAND gate G101 for 
receiving the output signal from the inverter G100, the 
output signal from the inverter G97, and the control signal 
rd dly<2>; a flip flop F71 for receiving the output signal 
from the NAND gate G101 and the clock signal rclk; a 
NAND gate G102 for receiving the output signal from the 
flip flop F70 and the output signal from the flip flop F71; an 
inverter G103 for receiving the output signal from the 
NAND gate G102, and generating the write data input Signal 
WD4567 t R; an inverter G 104 for receiving the output 
signal from the NAND gate G102 and generating the write 
data input signal WD4567 b R; an inverter G105 for 
receiving the output signal from the flip flop F68 and 
generating the write data input signal WD0123 t R; and an 
inverter G106 for receiving the output signal from the flip 
flop F68 and generating the write data input Signal 
WD0123 b R. 
0108 FIG. 7 is an operation timing diagram showing the 
result of post-layout Simulation in the interface logic circuit 
according to the present invention. 
0109 Referring to FIG. 7, when the bottom write clock 
signal W bot is high, the first write clock signal W1 
becomes high, thereby generating clock signal W2 to DLL 
unit 20. The clock signal W2 is buffered in the I/O unit 30 
to operate only bottom write selection signal W3 bot as the 
clock signal and disable top write Selection signal W3 top to 
high. 

0110. When the bottom read clock signal R bot is 
enabled to high, the first read clock signal R1 becomes 
high, thereby generating clock signal R2 to DLL unit 20. 
The clock signal R2 is also buffered in the I/O unit 30 to 
operate only bottom read Selection signal R3 bot as the 
clock signal and disable top read Selection signal R3 top to 
high. 
0111. The bottom serial/parallel shifter unit 50 is operated 
by the bottom write selection signal W3 bot and the bottom 
read Selection signal R3 bot, and the top Serial/parallel 
shifter unit 50 is operated by the top write selection signal 
W3 top and the top read Selection signal R3 top. 
0112 AS described above, according to the present inven 
tion, it is possible to control the top and bottom Serial/ 
parallel shifter blocks to respectively operate according to 
received bank address, thereby reducing power consumption 
by 50 mA and increasing the yield. 
0113 Moreover, in the present invention, the clock signal 
tclk is enabled only at the read command and current control 
command requiring clock signal tclk, thereby reducing 
additional power consumption. 
0114. Although the preferred embodiment of this inven 
tion has been disclosed for illustrative purpose, those skilled 
in the art will appreciate that various modifications, addi 
tions and Substitutions are possible, without departing from 
the Scope and Spirit of the invention. 

What is claimed is: 
1. A low power type Rambus DRAM comprising: a top 

memory bank unit comprising a plurality of banks for 
Storing data; a bottom memory bank unit comprising a 
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plurality of banks for Storing data; a top Serial/parallel shifter 
unit connected between the top memory bank unit and 
input/output block unit for converting data received by read 
or write command into Serial or parallel data and outputting 
the result, and a bottom Serial/parallel shifter unit connected 
between the bottom memory bank unit and input/output 
block unit for converting data received by read or write 
command into Serial or parallel data and outputting the 
result, the Rambus DRAM including 

an interface logic circuit unit for generating first read 
clock signal R1 and top read Selection signal R top or 
bottom read Selection signal R bot for Selecting the top 
or the bottom memory bank unit according to read 
command received from the external and generating 
first write clock signal W1 and top write selection 
signal W top or bottom write selection signal W bot 
for Selecting the top or the bottom memory bank unit 
according to write command received from the exter 
nal; 

a delay lock loop (DLL) unit for receiving the first write 
clock signal W1 to generate first write clock signal W2 
and receiving the first read clock signal R1 to generate 
Synchronized Second read clock signal R2, and 

an input/output block unit for generating Signals for 
Selectively controlling the operation of top Serial/par 
allel shifter unit or bottom serial/parallel shifter unit by 
buffering the first write clock signal W2 or the first read 
clock Signal R2 received from the DLL according to the 
top read selection signal R top, the bottom read selec 
tion signal R bot, the top write Selection signal W top 
and the bottom write selection signal W bot received 
from the interface logic circuit unit. 

2. The low power type Rambus DRAM according to 
claim 1, wherein the input/output block unit generates Signal 
for driving the top serial/parallel shifter unit by the top write 
Selection signal W top or the top read Selection signal R top 
and generates Signal for driving the bottom Serial/parallel 
shifter unit by the bottom write selection signal W bot or the 
bottom read Selection signal R bot. 

3. The low power type Rambus DRAM according to 
claim 1, wherein the interface logic circuit unit comprises 

an enable control unit for controlling to enable one of the 
top read clock signal and the bottom read clock signal 
according to bank address received with read or current 
control command; and 

an output driver enable timing control unit for controlling 
to disable the enabled top read clock signal R top or 
bottom read clock signal R bot after a predetermined 
time. 

4. The low power type Rambus DRAM according to 
claim 3, wherein the enable control unit comprises: 

a first top/bottom Separation unit for receiving read com 
mand signal RO and maximum valid bit of bank 
address BA-42 and generating internal command Sig 
nal ROth, RO bb to separate top and bottom memory 
banks, 

a Second top/bottom Separation unit, in a case that current 
command signal CCUDS and finally-received read 
command are signals for Selecting top of memory, for 
receiving the activated top bank Signal TBS and gen 
erating internal current command Signal CC th and 
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CC bb to select top or bottom serial/parallel shifter unit 
used in a prior read command when a current command 
CC is performed; 

a first enable signal generation unit for receiving internal 
read command signal ROth and RO bb from the first 
top/bottom Separation unit, internal current command 
signal CC th and CC bb from the second top/bottom 
Separation unit, reset bar signal Reset b, read active 
Signal Ract, current command active signal CC act, 
control Signal EN and clock Signal rclk, and generating 
top read clock signal R top to the top Serial/parallel 
shifter unit when read or current command for the top 
memory bank unit is received; 
Second enable Signal generation unit for receiving 
internal read command signal ROth and RO bb from 
the first top/bottom Separation unit, internal current 
command signal CC th and CC bb from the second 
top/bottom separation unit, the reset bar signal Reset b, 
the clock Signal rclk and Signals S1 and S2 from the 
first enable Signal generation unit, and generating bot 
tom read clock signal R bot to the bottom Serial/ 
parallel shifter unit when read or current command for 
bottom memory bank unit is received; 

a first disable timing control unit for receiving internal 
read command signal RO tb from the first top/bottom 
Separation unit, internal current command signal CC th 
from the Second top/bottom Separation unit, timing 
control signal TCS, the top bank selection signal TBS, 
the clock signal rclk, clock signal rd5 en and control 
Signal OP t and generating first and Second timing 
control Signals C and D disabling the top read clock 
Signal R top outputted from the first enable signal 
generation unit to the first enable signal generation unit 
after a predetermined time; 

a Second disable timing control unit for receiving internal 
read command signal RO tb from the first top/bottom 
Separation unit, internal current command signal CC th 
from the Second top/bottom Separation unit, timing 
control signal TCS, the top bank selection signal TBS, 
the clock signal rclk, clock signal rd5 en and control 
Signal OP b and generating first and Second timing 
control signals E and F disabling the top read clock 
Signal R bot outputted from the Second enable signal 
generation unit to the Second enable signal generation 
unit after a predetermined time; and 

an OR gate unit for generating enable Signal R1 having 
logic high when one of top read clock signal R top 
received from the first enable Signal generation unit and 
bottom read clock signal R bot received from the 
Second enable signal generation unit is enabled. 

5. The low power type Rambus DRAM according to 
claim 4, wherein the read active signal Ract is enabled one 
cycle prior to the timing that internal read command Signal 
RO tb and RO bb from the first top/bottom separation unit 
and internal current command Signal CC th and CC bb 
from the Second top/bottom Separation unit are enabled in 
read command. 

6. The low power type Rambus DRAM according to 
claim 4, wherein the current command active signal CC act 
is enabled one cycle prior to the timing that internal read 
command signal ROth and RO bb from the first top/ 
bottom Separation unit and internal current command Signal 
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CC th and CC bb from the second top/bottom separation 
unit are enabled in current command. 

7. The low power type Rambus DRAM according to 
claim 3, wherein the output driver enable timing control unit 
receives the top read clock signal R top and output signal A 
generated from the first enable signal generation unit and the 
bottom read clock signal R bot and output signal B gener 
ated from the Second enable signal generation unit, and 
generates signal dis R for enabling output driver and dis 
abling the output driver after a predetermined time when one 
of the top read clock signal R top and the bottom read clock 
Signal R bot is enabled. 

8. The low power type Rambus DRAM according to 
claim 1, wherein the interface logic circuit unit comprises: 

an enable control unit for controlling to enable one of the 
top write clock signal and the bottom write clock signal 
according to bank address received with write com 
mand; and 

an output driver enable timing control unit for controlling 
to disable the enabled top write clock signal W top or 
the enabled bottom write clock signal after a predeter 
mined time. 

9. The low power type Rambus DRAM according to 
claim 8, wherein the interface logic circuit unit comprises: 

a top/bottom Separation unit for receiving write command 
signal WO and maximum valid bit signal BA-4s of 
bank address and generating internal write command 
signal WOth and WO bb to separate top and bottom 
memory banks; 

a first disable timing control unit for receiving internal 
write command signal WOth from the top/bottom 
Separation unit and clock signal rclk, and generating 
timing control signal DWOE th for disabling the top 
write clock signal W top and control signal WOE th 
for controlling write buffer; 

a Second disable timing control unit for receiving internal 
write command signal WO bb from the top/bottom 
Separation unit and clock signal rclk, and generating 
timing control signal DWOE bb for disabling bottom 
write clock signal W bot and control signal WOE bb 
for controlling write buffer; 

a write buffer control unit for receiving control Signal 
WOE th and WOE bb from the first and the second 
disable timing control unit and the clock signal rclk, 
and generating 4 write buffer control signals WBC 1 to 
WBC 3 (A) for controlling the write buffer and control 
signals WC1 and WC2 for controlling to receive write 
data from the external via input/output pin; 

a first write data input Signal generation unit for receiving 
control signal WC1 from the write buffer control unit, 
the clock signal rclk, test write signal TWD0123 and 
TWD4567 and control signal DAMODE, and generat 
ing signals WD0123 t L and WD0123 b_L in write 
data 0 to 3 and signals WD4567 t Land WD4567 b L 
in write data 4 to 7 to receive write data via external 
pin, 

Second write data input signal generation unit for 
receiving control signal WC2 from the write buffer 
control unit, the clock Signal rclk, the test write Signal 
TWD0123 and TWD4567 and the control signal 
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DAMODE, and generating signals WD0123 t R and 
WD0123 b R in write data 0 to 3 and signals 
WD4567 t R and WD4567 b R in write data 4 to 7 to 
receive write data via external pin; 

a first enable Signal generation unit for receiving timing 
control signal DWOE th from the first disable timing 
control unit, internal write command signal WOth 
from the top/bottom Separation unit, the clock signal 
rclk and the control Signal CS, generating top write 
clock signal W top, and controlling disable timing of 
the top write clock signal W top; 
Second enable Signal generation unit for receiving 
timing control signal DWOE bb from the second dis 
able timing control unit, internal write command Signal 
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WO bb from the top/bottom separation unit, the clock 
Signal rclk and the control Signal CS, generating bottom 
write clock signal W bot, and controlling disable tim 
ing of the bottom write clock signal W bot; 

an OR gate unit for receiving the top write clock signal 
W top from the first enable signal generation unit and 
the bottom write clock signal W bot from the second 
enable Signal generation unit, and generating first write 
clock signal W1 to the DLL unit; and 

an inverter for receiving the first write clock signal W1 
from the OR gate unit, and outputting the inverted 
signal W1b. 


